Background: Several low-cost methods are used in resource-limited settings to provide therapeutic hypothermia in asphyxiated neonates. There is inadequate data about their efficacy and safety. Methods: This is a retrospective study comparing two low-cost cooling methods-frozen gel packs (FGP) and phase changing material (PCM). Results: There were 23 babies in FGP and 45 babies in the PCM group. Induction time was significantly shorter with FGP than PCM (45 vs. 90 minutes; p-value < 0.001). Proportion of temperature readings outside the target range was significantly higher (9.8% vs. 3.8%; p-value < 0.001) and fluctuation of core body temperature was wider (standard deviation of target temperature 0.4 C vs. 0.28 C) in the FGP group, compared with PCM group. Conclusion: Both FGP and PCM are effective and safe, comparable with standard servo-controlled cooling equipment. PCM has the advantage of better maintenance of target temperature with less nursing input, when compared with FGP.
B A C K G R O U N D
Hypoxic ischemic encephalopathy (HIE) occurs in 1-2 per 1000 live births in high-income countries [1] . In low-and middle-income countries (LMICs) like India, the incidence is 14 per 1000 live births [2] . Therapeutic hypothermia (TH) is shown to decrease mortality and improve long-term neurodevelopmental outcome in asphyxiated neonates [3] . The expensive servo-controlled cooling equipment such as Tecotherm TM , Criticool TM and Blanketrol R are not affordable in LMICs and instead other lowcost methods are being used. There are no trials comparing the various low-cost methods of cooling. The objective of the study was to compare the efficacy and safety of two low-cost cooling methodsfrozen gel packs (FGP) and phase changing material (PCM) for providing TH in babies with HIE. The efficacy was assessed by the following:
3. Proportion of temperature recordings outside the target range.
Safety was assessed by comparing cardiorespiratory support required and complications of TH.
M E T H O D S
This was a retrospective study done in a tertiary care neonatal unit in India. The study was approved by the institutional review board. In our unit, FGP was used for TH during the years 2008-10 and PCM between 2011 and 2014. The relevant clinical and laboratory data were collected from our cooling registry.
The details of the methods of cooling and the protocol for cooling are given below.
FGP
FGPs are frozen plastic containers filled with gel, used in vaccine carriers (Fig. 1 ). They were covered with three to five layers of cloth and placed over the back, head, abdomen and axillae of the baby.
PCM PCM is made of salt hydride, fatty acid and esters or paraffin; storing 5-14 times more heat per unit volume compared with water. PCM absorbs heat from the baby till it melts. The PCM bed was built using a nylon outer covering, foam mattress and the PCM blocks.
Two types of PCM blocks were used, PCM-29 (melting point 29 C) and PCM-21 (melting point 21 C). The PCM blocks were stored in the refrigerator at 2-8 C when not in use. The blocks must be in solid state when taken for use. Both the PCM-29 and PCM-21 were used during induction phase. Only the PCM-29 was used during the maintenance phase and PCM-21 would be added if the baby's temperature increased to 33.8 C.
Cooling protocol TH was provided to infants 35 weeks' gestational age and 1800 g with one physiological (cord blood pH < 7 or base deficit >12; 5 min APGAR < 5; need for resuscitation for > 10 min) and neurological criteria (moderate or severe encephalopathy as per modified Sarnat staging [4] ; or seizures). TH was started within 6 h after birth, continued for 72 h, followed by slow rewarming over 10-12 h (0.2-0.5 C/h). Core body temperature was monitored continuously using a rectal probe connected to a multi-parameter monitor (Philips Intellivue MP20 or Draeger vista XL) during the cooling and rewarming phase and for 12 h after the rewarming was completed. The target temperature was 33 6 0.5 C while using FGP and 33.5 6 0.5 C during the PCM period.
The protocol to maintain the target temperature during the cooling phase is shown in Figs 1 and 2 . The radiant warmer was always used in the manual mode, starting with an output of 10% and adjusted in increments or decrements of 5% depending on the baby's temperature. The ambient temperature in the neonatal intensive care unit (NICU) was not systematically recorded, but in general ranges from 26 to 32 C. All infants had a central venous and an arterial access. Continuous monitoring of vital parameters was done. Blood counts and coagulation profile were done at the time of initiation of cooling. Coagulation profile, serum creatinine, serum electrolytes and C-reactive protein were done at 24, 48 and 72 h from the time of initiation of cooling.
Sedation was not routinely given during cooling. If the baby is restless/irritable/excessively shivering/ tachycardic, stat doses of chloral hydrate (50 mg/kg/ dose) and/or paracetamol (10 mg/kg/dose) were given. For babies who required ventilator support, fentanyl was given, if required, either as a continuous infusion or 4-6 hourly intermittent doses. During the cooling phase, babies were given trophic feeds at 20 ml/kg, if otherwise not contraindicated and graded up after rewarming. All other management including ventilation, medications (antibiotics, anticonvulsants and inotropes) and use of blood products were done as per the existing treatment protocols.
R E S U L T S
There were 68 babies during the study period, 23 babies in the FGP and 45 babies in the PCM group. The baseline characteristics of the study infants were similar in both the groups (Table 1) . In each group, 87% of the infants had moderate encephalopathy and 13% had severe encephalopathy; 68% infants in each group had seizures.
The temperature profile of the infants in both the groups is shown in Table 2 and Figs 3 and 4. The time taken to reach the target temperature was significantly shorter in the FGP than in the PCM group. During the cooling phase, the proportion of temperature readings outside the target range was significantly higher and the degree of fluctuation of the core body temperature was wider [standard deviation (SD) of target temperature 0.4 C vs. 0.28 C] in the FGP group than the PCM group.
Babies cooled during the FGP period were given significantly more inotropic support than those treated with PCM (Table 3) . Other supportive treatments and the incidence of complications were similar in both the groups (Table 4) . Four (17.4%) babies in the FGP group and 10 (22.2%) babies in the PCM group died before the discharge from hospital (p ¼ 0.52). The mean duration of hospital stay was comparable between the groups (10.8 days in FGP group and 9.5 days in PCM group, p ¼ 0.42). Two babies in the FGP group required gavage feeds at the time of discharge and three babies in the PCM group were discharged on anti-epileptic drugs.
D I S C U S S I O N
Several low-cost cooling methods such as FGP, PCM, water bottles, cooling fans, water cooling caps and passive cooling are used successfully in LMICs [5] [6] [7] [8] [9] . A recent meta-analysis shows that low-cost methods significantly decrease mortality and neurodevelopmental morbidity in asphyxiated neonates [10] . However, these methods are shown to be associated with wider fluctuations in the target temperature, shivering and subcutaneous fat necrosis (SCFN) [5, 9, 10, 11] .
There are no trials comparing the standard servocontrolled and low-cost methods for TH. Similarly, there are no trials comparing the various low-cost cooling methods. We have found from our experience that both FGPs and PCM are feasible and safe methods for TH in asphyxiated newborn infants [12, 13] . Hence, we did a retrospective analysis comparing these two methods in terms of efficacy and safety.
The fluctuation (SD) of core temperature was found to be higher in the FGP group (0.4 C) than in the PCM group (0.28 C). The fluctuation in the FGP group was much less than in the Bharadwaj study using the same FGPs (1.02 C) [6] . This could be because of better nursing input in our study. The fluctuation in PCM group (0.28 C) was similar to that of the previous study using PCM by Thayyil et al. (0.3 C) [14] . TOBY and NICHD trials reported similar or even wider fluctuation in the core temperature of the neonates while cooling using the standard semi-automated equipment (SD of 0.4 and 0.5 C, respectively) [4, 15] . We recorded the core body temperature of the neonate once in 15 min during the induction phase and once in an hour during the cooling phase. When all the temperature recordings over the 72 h cooling period were analyzed in both the groups, only 3.8% of the temperature readings were outside the target range in the PCM group, compared with 9.8% in the FGPs group. Thus, the maintenance of target temperature was better with PCM. The mean temperature in the FGP group (33.01 C) was lower than that in the PCM group (33.47 C); this difference was because of the difference in the target temperature during the two study periods; FGP was used during the initial years when we started cooling (2008-10), when the protocol (based on the trial by Eicher et al.) was to maintain a target temperature of 32.5-33.5 C [16] . When PCM was used , the protocol was changed based on the other randomized controlled trials to a target temperature of 33-34 C. The standard recommendation is that the induction phase should be as short as possible. In our study, the median time taken to reach target temperature was shorter in the FGP group (45 min) than in the PCM group (90 min). It was more difficult to bring down the baby's temperature with PCM. However, even the NICHD trial using automated equipment has reported an induction time of 90 min.
Though the frequency of nursing interventions such as covering the baby, changing FGP/PCM blocks or turning on radiant warmer was not objectively measured in the study, from our experience, one major drawback with the use of FGP is the laborious nursing input. The FGPs need to be changed once in 2-4 h unlike the PCM, which is not changed frequently. Hence 1:1 nurse-to-baby ratio is often required while cooling with FGP, which may not be feasible in a busy NICU with inadequate staffing.
Inotropic support was given to 96% babies in the FGP and 67% babies in the PCM group. However, most of the babies received inotropes for compensated shock and/or metabolic acidosis. Only six babies in each group (26% and 13%) had hypotension. In the NICHD and TOBY trials, 42% and 77% of babies in the TH group had hypotension requiring inotropes, which were higher than our study [4, 15] . Though the babies in the FGP group were given significantly more inotropes, it could be because of the change in the unit practice over time rather than the true increase in inotrope requirement in the FGP group. The incidence of hypotension was not significantly different between the groups.
Coagulopathy defined as prothrombin time (PT) > 20 s and/or activated partial thromboplastin time (aPTT) > 60 s was the most common complication in our babies; the incidence (52.1% and 66.7% in FGP and PCM group, respectively) was much higher, compared with the 18% incidence in the ICE and NICHD trials [4, 5] . An analysis of 200 neonates from the Swiss cooling registry showed that the incidence of SCFN was 2.8%. The incidence was similar among babies cooled by various methods (FGP and Criticool system) [17] . In our study, three (13%) in the FGP group developed SCFN, compared with one (2.2%) in the PCM group; however, the difference was not significant. The Bharadwaj and Thayyil studies using FGP and PCM, respectively, have not reported SCFN [6, 14] . In the NICHD trial using an blanketrol, one baby had SCFN [4] .
The proportion of babies who required ventilator support was less (4.3% in FGP and 17.8% in PCM group), compared with the Western studies [18] . This could be because, we do not electively ventilate cooled babies and we had less number of babies with severe encephalopathy (13% vs. 70%) [18] .
The mortality rate before discharge was 17.4% in the FGP group and 22.2% in the PCM group, comparable with 20.9% in ICE and 19% in NICHD trials [4, 5] . The mean duration of hospital stay was 10 days in both the groups, much less compared with 19.9 days in the NICHD trial [4] . The majority of babies were discharged on exclusive breast feeds. Two (4.4%) babies in the FGP group and none in the PCM group were discharged on gavage feeds. In the NICHD trial, 11% of cooled neonates were discharged on gavage feeds and 7% were discharged on gastrostomy feeds. Similarly, 3 (6.6%) babies in the PCM group and none in the FGP group were discharged on anti-epileptic drugs compared with 38% in the NICHD trial.
The limitations of our study include a small sample size, lack of amplitude integrated electro-encephalography monitoring and no objective measurement of frequency and type of nursing interventions. Cooling efficacy was assessed based on hourly temperature measurements, and hence, interim fluctuations could not be analyzed; the difference in efficacy of cooling methods needs to be considered in this light.
To conclude, both FGP and PCM are effective and safe low-cost methods of cooling in asphyxiated neonates, with an efficacy comparable with the servocontrolled equipment for maintaining the target temperature. There was less fluctuation of target temperature with PCM compared with FGP. Induction was easier but more nursing input might be needed with FGP. The complication rates and the short-term outcomes with both FGP and PCM were comparable with those reported in the previous studies using the standard servo-controlled cooling methods.
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